INTRODUCTION
Since the 1960s, significant progress has been made in both the performance and the understanding of toroidal plasma confinement devices, primarily tokamaks and stellarators. Major steps in the development of both of these concepts are planned for the 1990s; for example, tokamaks with DT-burning plasmas, such as CIT and ITER, and stellarators with near-reactorlevel hydrogen plasma parameters, such as LHD and Wendelstein VII-X, are being designed. Despite this progress and these ambitious plans, there are still substantial gaps in the physics and technology base for toroidal confinement systems. In particular, the need for a better understanding of anomalous transport has lately received considerable attention in the U.S. fusion program.
The Advanced Toroidal Facility (ATF) [l], a continuous-coil, moderate-aspect-ratio ( R / n = 7.8) torsatron, was designed to investigate advances that could point the way to an optimum toroidal system. A stellarator variant was chosen for ATF in part because of the high degree of control over key properties of the magnetic configuration that it provides. This capability is central to investigations of fundamental toroidal physics mechanisms (relevant to both tokamaks and stellarators) that are now under way: beta self-stabilieation of resistive interchange modes ("second stability"), effects of field errors, bootstrap current, and trapped electron turbulence. This paper briefly summarizes the ATF plans and the results to date in some of these areas, highlighting the role of magnetic controls. Studies of plasma performance, density limits, and edge turbulence are also discussed. The ATF has a major radius Ro of 2.1 m, an average minor radius ii of 0.27 m, and a maximum magnetic field on axis Bo of 2 T. For the experiments reported here, up to 200 kW of 53-GHz electron cyclotron heating (ECH) system is used for plasma initiation, and up to 1. 4 from 0.3 at the center to 1.0 at the edge, and a moderate magnetic well extends out to about the t = 1/2 surface. The magnetic field is provided by the system of coils shown in cross section in Fig. 1 . The main field is provided by the two helical field (HF) coils and the four sections of the outer vertical field (VF) coils labeled "main VF," which are driven in series. Configurational flexibility is provided by the three independently driven pairs of VF coils, labeled "inner," "mid," and "trim," which control variations in the poloidal flux and in the axisymmetric dipole and quadrupole fields about the standard ATF configuration [2] . The poloidal flux can be used to inductively drive toroidal current, and the dipole and quadrupole fields control the plasma shape, stability of various modes, and trapped particle confinement.
PLASMA PERFORMANCE
The plasma is formed with either second harmonic ECH at Bo = 0.95 T or fundamental ECH at Bo = 1.9 T. After sufficient wall conditioning by H+ glow discharge cleaning and mild (150OC) baking of the stainless steel vessel, ECH plasmas up to 1 s long, the maximum ECH pulse length applied to date, have been sustained with no impurity buildup. When neutral beam heating is applied, the density, ion temperature, and stored energy begin to rise; the electron temperature initially falls but subsequently rises as shown in Fig. 2 [3]. In this example, a plasma collapse occurred at t = 0.26 s, characterized by a drop in the stored energy and the electron and ion temperatures, while the density continued to rise or remain constant. This collapse phenomenon, discussed further below, is the mechanism that limits the density and pulse length attainable with NBI. However, through improvements in wall conditioning (titanium gettering) and gas programming, collapse-free discharges with 250 ms of 1.2-MW NBI, ii, zz 6 x 10'' m-3, TE z 16 ms, and Bo = 1.9 T have recently been achieved, as shown in Fig. 3 . Global energy confinement times measured at the peak of the stored energy are compared with those given by the Fig. 3 . ATF discharge evolution with Bo = 1.9 T after more extensive wall conditioning, including chromium get tering.
LHD scaling formula in Fig. 4 . Because of the positive dependence on density, improvements in energy confinement time tend to accompany increases in the density limit. Impurity behavior during NBI heating is shown in Fig. 5 ; in this example, a collapse occurred. Although increases in both the edge (0 VI) and central (0 VIII) impurity content are observed, they are commensurate with the increase in the plasma density. There is little change in (from 1.7 to 2.1 in this example), the light impurity concentrations remain low (1.1% 0, 1.5% C, 0.3% N) through the time of collapse, and the radiated power fraction (540%) is low to moderate by tokamak standards [4] . The sharp peak in the 0 VI signal occurring 20-30 ms after the collapse is due to a thermal instability of the cooled plasma, which leads to the final density decay. However, the cause of the cooling that precipitates the collapse is unknown. Although gettering has resulted in reduced edge impurities and higher densities, compared with the nongettered case, it does not significantly affect the central impurity densities. This observation, together with the generally low impurity concentrations and radiated power levels, suggests that impurities are not solely responsible for the collapse. 
TRANSPORT STUDIES
The investigation of transport and related mechanisms as part of the U.S. Transport Initiative is curstanding of anomalous transport in toroidal devices, especially tokamaks. The controllability of the magnetic configuration makes ATF well suited for such purposes.
-
rently the main focus of the ATF program. The broad objective of this effort is to contribute to the under--X 1 3 le t :
The ATF transport studies can be roughly divided into three regimes: (1) the edge regime, (2) the high-beta regime, and (3) the low-collisionality regime. Coupling of the electrostatic turbulence to a radiative instability is expected theoretically in tokamaks [8] , and a similar mechanism has been proposed for ATF. These studies, when extended to NBI-heated discharges, may shed light on the origin of the collapse phenomenon. 
High-beta regime
Low-collisionali t y regime Initial observations of beta self-stabilization in ATF, or entry into the second stability regime, are reported in detail in Ref. [9] . This result confirms one of the key features of the ATF magnetic design: magnetic well stabilization of the resistive interchange modes in the standard configuration [lo] . The depth and radial extent of the magnetic well can be varied using the dipole field controls in ATF, providing a means of controlling the turbulence that will be tested in future studies. These modes (and their tokamak counterparts, the resistive ballooning modes) are of interest because they can cause enhanced transport [ll] . Self-stabilization could therefore be a route to improved confinement and the ability to control it a means to an improved understanding of transport.
Initial scans of the dipole field (which shifts the vacuum magnetic axis) have been performed to determine the effect on global parameters. As shown in Fig. 7 , the stored energy depends strongly on the magnetic configuration and reaches a maximum when the vacuum axis is shifted -1 cm inward from the geometric center of the coil system. (Previous results showed the peak to occur at an inward shift of -5 cm; field errors that affected the earlier observations have since been corrected [12] .) An outward shift corresponds to a deepening of the magnetic well and thus would be expected to stabilize curvature-driven modes such as the resistive interchange. There is no inconsistency between theory and experiment, however, since the ( p ) values are most likely too low (<0.25%) for pressure-driven turbulence to be the dominant factor in the transport. The Ro dependence seen in Fig. 7 may be theoretically related to a reduced deviation of drift orbits from the magnetic surfaces, resulting in better fast particle confinement, when the axis is shifted in [13] .
The bootstrap current, the trapped particle modes, and the role of electric fields in the low-collisionality (Y* < 1) regime will be investigated. The quadrupole field is a key control in this regime because it controls the harmonic spectrum of IBI along field lines, which directly affects the bootstrap current (according to neoclassical theory) and the trapped particle confinement. The ATF is especially well suited to testing theoretical models for the bootstrap current (&) because the a b s e x e of background currents allows detection of & at low levels with a simple Rogowski loop.
Initial data from ECH discharges (to avoid contributions from beam-driven currents) are presented in Fig.  8 . The bootstrap current varies by a factor of 5-6 as the quadrupole field is scanned using the mid-VF coils; the stored energy (not shown) also undergoes considerable variation. Neoclassical theory predicts that & oc GbB-'p'(T). The dependence of the geometrical factor Gb on the quadrupole field is consistent with Fig. 8 . The dependences on magnetic field B and pressure p have also been checked in a rough sense and appear to be consistent with this formula as well. However, much more information is needed to make adequate comparisons of the absolute current levels and parametric dependences with theory. 
SUMMARY
Stability and transport in toroidal devices are theoretically predicted to depend on detailed properties of the magnetic configuration such as field line curvature 1 and IB( spectrum. The ATF stellarator provides the degree of control needed to investigate these dependences experimentally. Initial studies confirm that global parameters such as stored energy and bootstrap current are sensitive to changes in the magnetic configuration, but more detailed experiments and modeling are needed to make conclusive comparisons with theory.
